Summary.-The cell-surface proteins of 6 different melanoma cell cultures have been labelled with 125I using lactoperoxidase-catalysed iodination. Fractionation of the proteins was achieved using 5-22.5% polacrylamide-gradient gel electrophoresis in the presence of sodium dodecyl sulphate (SDS) and the proteins were detected by autoradiography. Up to 24 labelled proteins were detected in the individual cell cultures, but the proteins labelled differed considerably in the 6 cultures examined. A possible reason for this, involving variation in the glycosylation of cell-surface glycoproteins is discussed. Cells of the same melanoma line had similar cell-surface proteins at different passage levels, but changes in the labelled proteins occurred when the culture conditions were altered. The cell-surface proteins of high molecular weight were cleaved by trypsin, but most of the low mol. -wt. proteins were resistant to trypsin. The "large external transformation sensitive" (LETS) protein detected as a major protein on fibroblasts in culture was not a dominant protein on the melanoma cells. It was detected on only 4/6 cell cultures. Possible relationships of the cell-surface proteins described in this study to morphology, immunological properties and proteolytic activity of human melanoma cells are discussed.
CELLS interact with each other and with their environment by way of their surfaces, and surface structures are thought to be involved in a variety of phenomena such as tumour metastases, escape from immunological attack, growth regulation, and differentiation (Nicolson et al., 1975 ). An understanding of these phenomena would be facilitated by detailed information on cell surfaces. In an approach to this problem, we have studied the cell-surface proteins of human melanoma cells by a radioiodination technique, followed by separation of the labelled proteins by polyacrylamide-gel electrophoresis and detection of the proteins by autoradiography.
MATERIALS AND METHODS
Cells. Melanoma and fibroblast cell cultures were developed from operative biopsies and cultured as described by Whitehead (1976) . The medium used was McCov's 5A (GibcoBiocult Ltd., Paisley) containing 150/0 foetal calf serum (FCS), 2 mm glutamine, 2 ,ug/ml insulin, 15 mm HEPES, 10% MEM vitamins, 50 ,tg/ml penicillin, 50 ,ug/ml streptomycin and 20 mm NaHCO3. In some experiments the FCS was replaced by 500 human serum.
Two of the melanoma cell cultures (HTCs 163 and 447) were derived from nodular primary tumours and 4 (HTCs 312, 364, 367 and 436) from secondary lymphnode deposits. All the cell cultures were from Caucasians, 2 of whom were males (HTCs 163 and 436). Melanoma cell lines HTC 163 and 312 have been described by Whitehead (1976 Jodintion. The method described by Hubbard and Cohn (1972) was used. Cell monolayers on plastic Petri dishes (5 cm diameter) were washed x3 with 4 ml phosphate buffered saline (PBS), pH 7 4, and then iodinated with a mixture containing 60 ,uCi of carrier-free 1251 (The Radiochemical Centre, Amersham, Bucks), 2-8 ,umol glucose, 5 u lactoperoxidase (Sigma Chemical Co., Kingstonupon-Thames, Surrey) and 3 u glucose oxidase (Sigma Chemical Co.) in 1 ml PBS for 15 min at room temperature. After removal of the supernatant, the cell monolayer was washed x 3 with 4 ml 0-01 M sodium phosphate buffer, pH 7*4, containing 0-15 M Nal and 2 mat phenylmethyl sulphonyl fluoride (PBI+PMSF) and the cells then scraped from the plate with a rubber policeman and harvested by centrifugation.
The cell pellet was extracted with 0 05 M tris-HCl buffer, pH 6-8, containing 2% SDS, 10 mereaptoethanol, 100/ glycerol, 0-0010% bromophenol blue and 2 mm PMSF for 3 min at 100TC. In some experiments the mercaptoethanol was omitted.
Electrophoresis.-SDS-gel electrophoresis wias carried out on a 5-22.5% polyacrylamide gradient gel using the buffer system described by Laemmli (1970) in a slab-gel apparatus constructed as described by Studier (1973 Protein standards used for mol. wt. estimation were lysozyme, chymotrypsinogen, bovine serum albumin, phosphorylase a, /3-galactosidase and polymers of lysozyme and bovine serum albumin prepared as described by Payne (1973) .
RESULTS

Radiolabelled proteins of melanoma cell cultures
Autoradiographs of the cell-surface proteins of melanoma cell cultures HTC 364 (passage 26), HTC 436 (passage 11), HTC 447 (passage 2) and an adult fibroblast culture, are shown in Fig. 1 . Up to 24 radioactive bands were visible in the individual melanoma cell cultures, but only 8 of these were common to all 6 melanoma cell cultures examined and 7 of these bands were also detected on fibroblast cultures. Estimation of the mol. wts. of these bands by comparison with standards showed that the molecular weights of the cell surface proteins ranged from -.'10,000 to 240,000. These values are approximations and should be regarded with some reservation, because many of the radioactive bands are composed of glycoproteins which bind less SDS than non-glycosylated proteins on a w/w basis (Pitt-Rivers and Impiombato, 1968) and consequently for a given mol. wt. will not migrate as rapidly as proteins. The protein which was common to all 6 melanoma cell cultures but which was not found on fibroblasts had a mol. wt. ,-.140,000.
The LETS protein (approximate mol. wt. 220,000-250,000) described by several workers (Hynes, 1976) Incubation of Petri dishes with medium containing FCS for 3 h at 37°C resulted in proteins of low mol. wt. becoming adsorbed on to the plastic surface (Fig. 1) . These proteins remained adherent to the plastic after 3 washes with PBS, and required physical disruption and treatment with SDS and mercaptoethanol for solubilization. Proteins with similar migration properties were detected on fibroblasts and melanoma cells, but the amounts of these proteins differed considerably in the different cell cultures. Larger amounts of these proteins were recovered from dishes containing cells than from empty dishes treated with medium and foetal calfserum.
Effect ofpassage levels and culture conditions
The cell-surface proteins of HTC 364 examined at passages 13-16, 19, 22, 24, 26-30, 33 and 35-38 were all similar. Some variations occurred in the relative intensities of the bands, mainly in the low-molwt. range, but the general qualitative pattern of cell-surface proteins was stable throughout all the passages. HTC 163 was iodinated at passages 3-5, 8, 13, 14, 20 and 21. Again, the general pattern was similar in all passage levels, although some variations were observed in the intensities of the bands relative to the background, and in the intensities of the low-mol.-vwrt. proteins relative to each other. In addition, the intensity of the LETS protein varied. Melanoma cell culture HTC 436 was examined at passages 3 and 8-11 and very good agreement was found between the electrophoretic patterns, even the relative intensities of the bands being constant. Cell cultures HTCs 367, 447 and 312 were only examined at passage levels, 14, 2 and 16 respectively.
In contrast to the relative stability of the cell-surface proteins of cells cultured under the same conditions, variation in the (Fig. 3) . This indicates that the band is probably a lipid. The possibility that this band could be formed by unreacted 125J is considered unlikely since a band in this region was not detected when solutions containing free 125 were subjected to electrophoresis and autoradiography. Jodinated melanoma cells extracted with SDS in the presence of mercaptoethanol, and cells extracted with SDS alone, produced electrophoretic patterns which differed in only 2 bands (Fig. 3) . These bands were the LETS protein and a band with mol. wt. 55,000, which were present in mercaptoethanol-treated sample but not in the sample solubilized with SDS alone. This result shows that most of the cellsurface proteins of melanoma line HTC 163 are composed of single polypeptide chains rather than multiple chains linked by disulphide bonds. A similar result was obtained with melanoma line HTC 364.
Digestion of radiolabelled line HTC 364 with a dilute trypsin solution (10 ,ug/ml) prior to solubilization and electrophoresis of the cell pellet removed much of the high-mol.-wt. bands within 10 min at 20TC (Fig. 4) . Extension of the digestion period to I h at 20TC almost completely removed most of the high-mol.-wt. bands. In contrast to the high-mol.-wt. bands, most of the low-mol.-wt. proteins were resistant to trypsin. One exception to this was a lowmol.-wt. protein which had previously (Fig. 1 ) been shown to be derived from the culture medium. This protein was completely removed within 10 min by trypsin digestion.
DISCUSSION
The cell-surface proteins of animal cells such as mouse, hamster and chicken fibroblasts have been the subject of a number of investigations, and changes have been shown in the cell-surface proteins when these cells are transformed by viral or chemical agents (Hynes, 1976) . In contrast, apart from the studies of Butters and Hughes (1974, 1975) on KB cells, the cellsurface proteins of human tumour cells have received little attention. In the present study, melanoma cells were chosen because this is one of the few types of human tumour cell which can be consistently cultured in vitro. Furthermore, in view of the widespread use of this tumour type in studies on human tumour immunology, a knowledge of the surface proteins of this cell type would facilitate interpretation of immunological observations and identification of the antigens involved.
One of the most important observations in the present study is the large differences in surface proteins of different melanoma cell cultures. The SDS electrophoretic technique used would not be expected to differentiate between genetic variants differing in a few amino-acid substitutions, because this method separates molecules according to size. Most of the differences in the cell-surface proteins from different cultures occurred in regions occupied by molecules which have recently been shown by lectin-binding experiments to be glycoproteins (Roberts, unpublished). Experimentally induced transformation of animal cells is known to lead to changes in the cell-surface glyoconjugates (Buck et al., 1971; Hakomori, 1975; Smets et al., 1975) . This raises the interesting possibility that the changes observed in the cell-surface components of different melanoma cultures could be the result of differences in the degree of glycosylation of cell-surface glycoproteins. If this were so, glycoproteins with the same polypeptide core, and conceivably, therefore, the same function in the membrane, but with different molecular sizes, could occur in the different melanoma cell cultures. In view of recent developments implicating the carbohydrate groups of membrane glycoproteins as mediators of cellular recognition phenomena (Ashwell and Morell, 1977) changes in carbohydrate regions of glycoproteins on their surfaces could have important implications in the antisocial behaviour of tumour cells.
Only one labelled band with mol. wt. of e-140,000 was found to be common to all melanoma cells but absent from fibroblasts. It would be premature to claim that this was a melanoma-specific cell-surface component, in view of the small number of melanoma cell cultures examined and the fact that a suitable normal counterpart was not available for comparison in this study. On the other hand, this study does not preclude the presence of other common melanoma antigens, since molecules differing in degree of glycosylation but with the same antigenic activity might migrate to different extents in the electrophoretic system used.
The LETS protein has been the subject of many investigations in the last 4 years, and although the appearance of this protein on normal cells but not on transformed cells (Hynes, 1973) or on cells arrested in mitosis (Hynes and Bye, 1974; Pearlstein and Waterfield, 1974) originally suggested a function for this protein in growth regulation, it is now considered more probable that it is involved in cell adhesion and morphology (Yamada et al., 1976) . In the present study there were no apparent differences in the cell morphology of melanoma cells, whether the LETS protein was present or not. The amounts of the LETS protein on the melanoma cells were, however, much less than on fibroblasts.
In addition to protein iodination, a fastmigrating band, soluble in lipid solvents, was also labelled on melanoma and fibroblast cultures. Previous reports (Hubbard and Cohn, 1976) have shown that small amounts of lipids may be labelled during the lactoperoxidase-catalysed iodination method, probably by iodination of the unsaturated bonds in the fatty-acid chains (Butters and Hughes, 1975) . The lipid iodination may involve a direct iodination by free iodine which is often present in preparations of iodide nucleides (Morrison, 1974) .
The sensitivity of melanoma cell-surface components of high mol. wt. to trypsindigestion is in agreement with the observations of other workers using hamster fibroblasts (Hynes, 1973) , baby hamster kidney fibroblasts (Mastro et at., 1974) and mouse fibroblasts (Hunt and Brown, 1975) . This observation indicates that the use of trypsin for removal of melanoma cells from monolayer cultures prior to immunological testing should be avoided. One of the lowmol.-wt proteins was also cleaved by trypsin, but this was a protein derived from the culture medium, and may be extrinsic or peripheral protein according to the Singer and Nicolson classification (1972) . It is intriguing that most of the other small proteins are resistant to trypsin. The possibility that these are intracellular proteins is considered unlikely, because the lactoperoxidase-catalysed iodination has now been well tested and shown to label only surface proteins (Hubbard and Cohn, 1972; 1975) . Furthermore, the autoradiographic patterns of the labelled cell-surface proteins bore no resemblance to the total cell protein pattern detected by Coomassieblue staining. One possibility is that these small proteins represent the protein stubs remaining in the membrane after proteolytic digestion of larger cell-surface components. Laico et al. (1970) reported the presence of "miniproteins" in membranes from erythrocytes, mitochondria and retinal rods, but these are now thought to have been formed by proteolytic degradation during isolation (Hughes, 1976) . In the present investigation, a broad-range protease inhibitor, phenylmethyl sulphonyl fluoride was included in all solutions after iodination. Consequently, proteolytic degradation of the cell-surface proteins is unlikely to have been mediated by proteases released by cellular disruption during isolation. It is considered more probable that proteolysis of the cell-surface proteins occurred during normal culture of the melanoma cells. In support of this possibility there are several reports that transformed cells produce elevated levels of protease, including a cell factor that conVerts-the serum proenzyme plasminogen into the protease plasmin (Bosmann, 1972; Schnebli, 1972; Goldberg, 1974; Unkeless et al., 1973) . Recently it has been shown that human melanoma cells possess a surface protease (Hatcher et al., 1976 
